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(54) Membrane electrode assembly for polymer electrolyte fuel cell

(57) A membrane electrode assembly for a polymer
electrolyte fuel cell has, as basic components, a polymer
electrolyte membrane, a pair of electrode layers which
sandwich the polymer electrolyte membrane, and a pair
of gas-diffusion layers disposed outside the respective
electrode layers. Electric medium layers are respective-
ly provided between the electrode layer and the gas-dif-
fusion layer at one side and between the electric layer
and the gas-diffusion layer at the other side. Each of the

electric medium layers is constituted of a plurality of car-
bon whiskers, a plurality of carbon particles and a binder
including an electrolyte material. A content G, of the
carbon whiskers in each of the electric medium layers
is set at 10wt% < Gy < 25wt%. Thus, the membrane
electrode assembly for the polymer electrolyte fuel cell
can keep a high power generating performance by re-
ducing the contact resistance between the gas-diffusion
layers and the electrode layers.
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EP 1 480 285 A2
Description
BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The present invention relates to a membrane electrode assembly for a polymer electrolyte fuel cell.
Description of the Related Art

[0002] As this type of membrane electrode assembly, the one having, as basic components, a polymer electrolyte
membrane, a pair of electrode layers sandwiching the polymer electrolyte membrane, and a pair of gas-diffusion layers
disposed outside the respective electrode layers is conventionally known. In this case, each of the gas-diffusion layers
is constituted of carbon paper, carbon cloth or the like, and each of the electrode layers is constituted of, for example,
platinum supporting carbon black and a binder (for example, see Japanese Patent Application Laid-Open No. 7-57742).
[0003] However, since the diameter of the carbon fiber forming carbon paper or the like is generally 8 to 10 um, and
the surface roughness of the contact surface of the gas-diffusion layer with the electrode layer becomes large, there
is a fear of an increased contact resistance between the gas-diffusion layer and the electrode layer to cause reduction
in the power generating performance.

SUMMARY OF THE INVENTION

[0004] The presentinvention has an object to provide a membrane electrode assembly for a polymer electrolyte fuel
cell capable of keeping high power generation performance by reducing the contact resistance between the gas-dif-
fusion layer and the electrode layer.

[0005] In order to achieve the above-described object, there is provided a membrane electrode assembly for a pol-
ymer electrolyte fuel cell having, as basic components, a polymer electrolyte membrane, a pair of electrode layers
which sandwich the polymer electrolyte membrane, and a pair of gas-diffusion layers disposed outside the respective
electrode layers, wherein electric medium layers are respectively provided between the electrode layer and the gas-
diffusion layer at one side and between the electric layer and the gas-diffusion layer at the other side, each of the
electric medium layers is constituted of a plurality of carbon whiskers, a plurality of carbon particles and a binder, and
a content Gy of the carbon whiskers in each of the electric medium layer is 10wt% < G,y < 25wt%.

[0006] When the content Gy of the carbon whiskers is set as described above and the carbon particles are used in
combination in each of the electric medium layers, a large number of mutual contacts among the carbon whiskers and
connections among the carbon whiskers by the carbon particles can be allowed to occur, so that the surface resistance
of the electric medium layer becomes small. The diameter of the carbon whiskers is 0.1 to 0.2 um, and the length of
the carbon whiskers is short, so that the number of contact points of the carbon whiskers with the carbon fibers of the
gas-diffusion layers and the carbon particles of the electrode layers become large. As a result, the contact resistances
between the gas-diffusion layers and the electrode layers are reduced, and the power generating performance can be
kept high. However, when the carbon whisker content Gy, is G\, <10 wt%, the surface resistance of the electric medium
layer is high, and the power generating performance is low. On the other hand, when Gy>25 wt%, the surface resistance
of the electric medium layer becomes low, but the power generating performance reduces.

[0007] The above-mentioned object, other objects, characteristics, and advantages of the present invention will be-
come apparent from an explanation of a preferred embodiment, which will be described in detail below by reference
to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIG. 1 is a cross-sectional view of a membrane electrode assembly according to an embodiment of the present
invention.

FIG. 2 is a graph showing the relationship between a content of carbon whiskers and surface resistance in an
electric medium layer.

FIG. 3 is a graph showing the relationship between a current density and voltage in a fuel cell.

FIG. 4 is a graph showing the relationship between the content of the carbon whiskers and a critical current density
in the fuel cell.
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EP 1 480 285 A2
DESCRIPTION OF THE PREFERRED EMBODIMENT

[0009] In FIG. 1, a membrane electrode assembly 1 which is used for a polymer electrolyte fuel cell has, as basic
components, a polymer electrolyte membrane 2, a pair of electrode layers sandwiching the polymer electrolyte mem-
brane 2, namely, a cathode-side electrode layer 3 and an anode-side electrode layer 4, and a pair of gas-diffusion
layers 5 and 6 disposed outside the respective electrodes 3 and 4.

[0010] Inthis embodiment, electric medium layers 7 and 8 are provided respectively between the cathode-side elec-
trode layer 3 and the gas-diffusion layer 5 and between the anode-side electrode layer 4 and the gas-diffusion layer
6. Each of the electric medium layers 7 and 8 are constitutedof a plurality of carbon whiskers, aplurality of carbon
particles and a binder. A carbon whisker content Gy, in each of the electric medium layers 7 and 8 is set at 10wt% <
G < 25Wt%, a carbon particle content Gp, is set at 20wt% < Gp < 50wt%, and a binder content Gg is set at 20wt% <
Gg < 50wt%, respectively. It should be noted that when the carbon particle content Gp is Gp < 20wt%, there is no
advantage in using the carbon particles, and when Gp > 50wt%, dispersibility of the binder becomes worse. When the
binder content Gg is Gg < 20 wt%, the binder function becomes insufficient; and when Gg > 50 wt%, the pore amount
of the electric medium layers 7 and 8 becomes insufficient. As carbon whiskers, vapor phase epitaxy carbon fibers are
preferable.

[0011] When the carbon whisker content G is set as described above and the carbon particles are used in combi-
nation in each of the electric medium layers 7 and 8, a large number of mutual contacts among the carbon whiskers
and connections among the carbon whiskers by the carbon particles can be allowed to occur, so that the surface
resistances of the electric medium layers 7 and 8 become small. The carbon whisker has a diameter of 0.1 to 0.2 um,
and has a small length, so that the number of the contact points of the carbon whiskers with the carbon fibers of the
gas-diffusion layers 5 and 6 and the carbon particles of the electrode layers 3 and 4 becomes large. As a result, the
contact resistances between the gas-diffusion layers 5 and 6, and the electrode layers 3 and 4 are reduced, and the
power generating performance can be kept high. Since it is possible to use an electrolyte material as the binder of the
electrode layers 3 and 4, if a material similar to the electrolyte material is used as the binder of the electric medium
layers 7 and 8, bindability between the electrode layers 3 and 4 and the electric medium layers 7 and 8 is made
favorable, and the electrode layers 3 and 4 and the electric medium layers 7 and 8 can be integrated. This prevents
generation of gaps between the electrode layers 3 and 4, and the electric medium layers 7 and 8, so that stay of
produced water caused by the gaps is avoided.

[0012] Hereinafter, particular examples will be explained.

A. Gas-diffusion Layer

[0013] Asthe cathode-side and the anode-side gas-diffusion layers 5 and 6, there were prepared gas-diffusion layers
by diffusing and attaching FEP (fluorinated ethylene propylene) to a surface and interior, namely, the entirety of the
carbon paper (made by Toray Industries, Inc., trade name TGP-H-060, 190 um thick) to impart water repellency thereto.
In this case, the FEP content G was set at Gy > 0.2wt% in an equation Gg = {b/ (a+b) } X 100 (wt%) where the weight
of the carbon paper is a and the weight of the FEP is b, and in the embodiment, G = 0.25wt%.

B-1. Preparation of Slurry for Electric Medium Layer

[0014] As the aggregate of carbon whiskers, the vapor phase epitaxy carbon fiber (made by Showa Denko K.K.,
Trade name VGCF) of about 0.2 um in diameter and about 15 um long was prepared; as the aggregate of the carbon
particles, carbon black (made by Kecchen Black International Co., Itd., Trade name Kecchen Black EG600JD) was
prepared; and as the binder, nafion (made by DuPont, Trade name Nafion SE) was prepared. They were measured
to be in various loadings, and each compound of 12.5 g was charged into the ball mill with the NMP (N-methyl pyro-
lidone) solution of 0.1 L and was agitated and mixed, thereby obtaining various kinds of slurries. Table 1 shows the
loadings (contents) of the carbon whiskers, the carbon particles, and the binder in Examples (1) to (8) of the slurry.

Table 1
Slurry Carbon whiskers Gy, (wt%) | Carbon particles Gp (wt%) | Binder Gg (wt%)
Example (1) 5 47.5 47.5
Example (2) 10 45.0 45.0
Example (3) 15 42.5 42.5
Example (4) 20 40.0 40.0




10

15

20

25

30

35

40

45

50

55

EP 1 480 285 A2

Table 1 (continued)

Slurry Carbon whiskers Gy, (wt%) | Carbon particles Gp (wt%) | Binder Gg (wt%)
Example (5) 25 37.5 37.5
Example (6) 30 35.0 35.0
Example (7) 40 30.0 30.0
Example (8) 0 50.0 50.0

B-2. Formation of Electric Medium Layers

[0015] Example (1) of the slurry was applied over a surface of the carbon paper constituting the cathode-side gas-
diffusion layer 5 so that the dry weight is 2 mg/cm?2, then the coating layer was dried to obtain the electric medium layer
7 integrated with the cathode side diffusion layer 5. Next, the electric medium layer 8 integrated with the anode-side
diffusion layer 6 was obtained by the same method as described above. These layers are called Example (1) being a
unit of a two-tier laminated product. Thereafter, by using Examples (2) to (8) of the slurry in sequence, the electric
medium layers 7 integrated with the cathode-side diffusion layers 5 and the electric medium layers 8 integrated with
the anode-side diffusion layers 6 were obtained in sequence. These layers are called Examples (2) to (8) being units
of two-tier laminated products.

C. Measurement of Surface Resistances of Electric Medium Layers

[0016] Two voltage probes were pressed against the electric medium layer 7 (or the electric medium layer 8) in
Example (1) of the two-tier laminated product, namely, the surface of Example (1) of the electric medium layer 7, then
DC voltage was applied between the probes, in accordance with JIS K7194, then the current which flowed at that time
was measured by two current probes pressed against the surface of the electric medium layer 7, and the surface
resistance was calculated from the voltage and the current. By the same method, the surface resistances were obtained
with respect to Examples (2) to (8) of the electric medium layers 7 (or the electric medium layer 8) in Examples (2) to
(8) of the two-tier laminated product. Table 2 shows the contents G, and the surface resistances in Examples (1) to
(8) of the electric medium layer 7.

Table 2
Electric medium layer | Carbon whisker Gy, (Wt%) | Surface resistance (Q-cm?)

Example (1) 5 80
Example (2) 10 70
Example (3) 15 30
Example (4) 20 20
Example (5) 25 10
Example (6) 30 9

Example (7) 40 8

Example (8) 0 500

[0017] FIG. 2is a graph showing the relationship between the content Gy, and the surface resistance based on Table
2. From FIG. 2, it is understood that the surface resistance reduces with the increase in the content G,y of the carbon
whiskers.

D-1. Preparation of Paste for Electrode Layers

[0018] By allowing the furnace black (made by Kecchen Black International Co., Ltd., Trade name Kecchen Black
EC) to support Pt particles so that the weight ratio of them is one to one, and an aggregate, namely, a powder of the
Pt supporting carbon particles was obtained. The powder and the powdered nafion (made by DuPont, Trade name
Nafion SE) as a proton-conductive binder were weighed to be one to one in weight ratio, and then the nafion was
dissolved in 2-propanol that is a solvent to prepare the nafion solution. Thereafter, the powder was charged into the
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nafion solution and sufficiently mixed, thereby obtaining a paste.

D-2. Formation of Electrode Layers

[0019] The aforesaid paste was silk-screened on the surface of the cathode-side electric medium layer 7 of Example
(1) of the two-tier laminated product so that Pt amount was 0.5 mg/cm2, then dried at 60°C for ten minutes, and thereafter
it was dried under reduced pressure at 120°C, thereby forming the cathode-side electric layer 3. Next, the anode-side
electrode layer 4 was formed on the surface of the anode-side electric medium layer 8 of Example (1) of the two-tier
laminated product by the same method. They are called Example (1) being a unit of a three-tier laminated product.
Similarly, by using Examples (2) to (8) of the two-tier laminated product, the electrode layer 3 which was formed on
the surface of the cathode side electric medium layer 7, and the electrode layer 4 which was formed on the surface of
the anode-side electric medium layer 8, were obtained in sequence by the same method as described above. They
are called Examples (2) to (8) being units of three-tier laminated products.

E. Production of Membrane Electrode Assemblies

[0020] The cathode-side electrode layer 3 of Example (1) of the aforesaid three-tier laminated product was placed
on one surface of the polymer electrolyte membrane 2 constituted of nafion (made by DuPont, trade name Nafion 112),
and the anode-side electrode layer 4 of Example (1) of the aforesaid three-tier laminated product was placed on the
other surface of the polymer electrolyte membrane 2, thereby forming a layered product. Then, hot press was applied
to the layered product under the conditions of 140°C, 2.5 MPa, and 15 minutes, thereby obtaining Example (1) of the
membrane electrode assembly. Thereafter, by using the polymer electrolyte membrane 2 as describe above and Ex-
amples (2) to (8) of the three-tier laminated product, Examples (2) to (8) of the membrane electrode assembly were
obtained by the same method as described above.

F. Power Generating Performance of Fuel Cell

[0021] By using Examples (1) to (8) of the membrane electrode assembly, Examples (1) to (8) of the fuel cell (cell)
corresponding to them were assembled, and the critical current density was obtained with respect to them. The critical
current density means the current density when the voltage is assumed to be zero in the |-V curve as shown in FIG.
3, and if this is large, the power generating performance is high. Thus, the following operation was performed to obtain
the I-V curve.

[0022] (1) The theoretical OCV (open circuit voltage) was obtained for the fuel cell. (2) In the power generation test,
the terminal voltage Va and the resistance overvoltage Vb were measured, and from them, the IR free, namely, IR free
= Va+Vb was obtained. (3) By applying Tafel's equation that is an equation showing the relationship between the
activation overvoltage Vc of the electrode and the electrolytic current density, the Tafel plot line was obtained from the
voltage corresponding to the current density of 0.01 to 0.05 A/cmZ2. (4) The activation overvoltage Vc was obtained as
Vc =Vd - Ve from the voltage Vd of the theoretical OCV and the voltage Ve of the Tafel plot line. (5) The concentration
overvoltage Vf was obtained as Vf = Ve - Vg from the voltage Ve of the Tafel plot line and the voltage Vg of the IR free.
[0023] From the result of the above, the voltage Vh of the |-V curve was obtained as Vh = Vd - (Vc + Vf + Vb), then
the I-V curve was obtained based on this, and the critical current density was further obtained from the I-V curve. The
resistance overvoltage Vb becomes low when the surface resistance is low in Table 2 and FIG. 2, and therefore reducing
the surface resistance is effective in making the critical current density large.

[0024] Table 3 shows the content Gy of the carbon whiskers and the critical current density in Examples (1) to (8)
of the fuel cell. The critical current densities are shown in both the case of using pure oxygen as a gas for the cathode
side and the case of using air.

Table 3
Fuel cell Fuel cell | Carbon whisker Gy, (wt%) | Critical current density (A/g Pt)
Pure oxygen Air
Example (1) 5 50 55
Example (2) 10 65 65
Example (3) 15 68 78
Example (4) 20 72 80
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Table 3 (continued)

Fuel cell Fuel cell | Carbon whisker Gy, (wt%) | Critical current density (A/g Pt)
Pure oxygen Air
Example (5) 25 60 60
Example (6) 30 57 56
Example (7) 40 48 50
Example (8) 0 40 45

[0025] FIG. 4 is a graph showing the relationship between the content of the carbon whiskers and the critical current
density based on Table 3. As is obvious from Table 3 and FIG. 4, if the content Gy of the carbon whiskers is set at
10wt% < Gy < 25wt%, the critical current density can be made large as in Examples (2) to (5). The content G of the
carbon whiskers is preferably 15wt% < Gy < 20wt%

[0026] According to the present invention, with the above-described arrangement, there is provided a membrane
electrode assembly for a polymer electrolyte fuel cell, which is capable of keeping the power generating performance
high by reducing the contact resistance between the gas-diffusion layers and the electrode layers.

[0027] A membrane electrode assembly for a polymer electrolyte fuel cell has, as basic components, a polymer
electrolyte membrane, a pair of electrode layers which sandwich the polymer electrolyte membrane, and a pair of gas-
diffusion layers disposed outside the respective electrode layers. Electric medium layers are respectively provided
between the electrode layer and the gas-diffusion layer at one side and between the electric layer and the gas-diffusion
layer at the other side. Each of the electric medium layers is constituted of a plurality of carbon whiskers, a plurality of
carbon particles and a binder including an electrolyte material. A content Gy of the carbon whiskers in each of the
electric medium layers is set at 10wt% < Gy < 25wt%. Thus, the membrane electrode assembly for the polymer elec-
trolyte fuel cell can keep a high power generating performance by reducing the contact resistance between the gas-
diffusion layers and the electrode layers.

Claims

1. A membrane electrode assembly for a polymer electrolyte fuel cell having, as basic components, a polymer elec-
trolyte membrane, a pair of electrode layers which sandwich the polymer electrolyte membrane, and a pair of gas-
diffusion layers disposed outside the respective electrode layers,

wherein electric medium layers are respectively provided between the electrode layer and the gas-diffusion
layer at one side and between the electric layer and the gas-diffusion layer at the other side, each of the electric
medium layers is constituted of a plurality of carbon whiskers, a plurality of carbon particles and a binder, and a
content Gy of the carbon whiskers in each of the electric medium layer is 10wt% < Gy < 25wt%.

2. The membrane electrode assembly for the polymer electrode fuel cell according to claim 1, wherein the carbon
whisker is a vapor phase epitaxy carbon fiber.
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FIG.4

- EXAMPLE(4)

EXAMPLE(5)

EXAMPLE(2)

PURE
OXYGEN

EXAMPLE(1)

EXAMPLE(6)

EXAMPLE(7)

EXAMPLE(8)

W
o
|

CRITICAL CURRENT DENSITY (A/gPt)
S S
|

—
o
|

] | ] | ] | | ] I

0
0O & 10 15 20 25 30 35 40 45
CARBON WHISKER CONTENT Gw (Wt%)

10



	bibliography
	description
	claims
	drawings

